Characterization of intestinal Escherichia coli isolated from calves with diarrhea due to rotavirus and coronavirus
Bacterial adhesion is essential for colonization during intestinal infections [1, 8] . The most important adhesins involved in E. coli-host colonization are provided by fimbriae and the well-characterized fimbriae from E. coli animal-isolated are F4 (K88), F5 (K99), F6 (987P), F41 and F18, which are associated with E. coli pathotypes [9] . Nothing is known about the presence of these fimbriae in faecal E. coli from calves with diarrhea caused by no E. coli pathotypes.
In addition to fimbriae, curli and cellulose have been investigated as important components of the extracellular matrix, being directly associated to the ability of biofilm formation in commensal and clinical human isolates [10] [11] [12] [13] , but little is known about its frequency in commensal and clinical calve-isolates.
To address more information about changes in the commensal E. coli during virus intestinal infections, we characterized 30 faecal E. coli isolates from calves with diarrhea due to rotavirus and coronavirus. The parameter as the Clermont's phylogenetic classification, presence of curli; cellulose; fimbriae (F4, F5, F6, F18, F41), and antimicrobial susceptibility were used to characterize the isolates.
METHodS

Isolation and dnA extraction
Sixty E. coli isolates from calf-faeces were investigated, 30 were isolated from calves with diarrhea due to rotavirus and coronavirus co-infection and 30 isolated from calves with no clinical signs of diarrhea. Each isolate came from one animal. Calves had ages ranging between 21 to 60 days, originated in Rio Grande do Sul (RS) state, Brazil, and were destined to beef cattle production.
The 30 isolates from calves without diarrhea were obtained from faeces collected directly from the rectal ampulla of the animals and were used as control group. Both isolate groups were collected from the same farms but from different areas because diarrheic calves were kept separately from healthy calves. The outbreak lasted from 2014 to 2015 and isolates were lyophilized and cultivated for analyses at the Laboratory of Bacteriology (LABAC -UFSM). Calves with diarrhea were diagnosed by electron microscopy and rotavirus and coronavirus were found as etiologic agent of the infection (Laboratory of Virology -UFSM).
Isolates were identified by morpho-tinctorial and biochemical features according to Quinn et al. [14] and Macfaddin [15] . The DNA of the isolates was extracted by boiling method.
Phylogenetic groups
All the isolates were classified into one phylogenetic group according to Clermont et al. [7] . This methodology is based on an initial quadruplex and two more additional PCRs to allow the assignment into eight phylogenetic groups A, B1, B2, C, D, E, F and Clado I, being more specific than the previous methodology from 2000.
Virulence factors Fimbriae
For fimbriae (F4, F5, F6, F18 and F41) and Sta gene determination, isolates were submitted to a multiplex PCR according to the conditions recommended by Costa et al. [16] .
Curli and cellulose
Curli (csgA) and cellulose (bcsA) genes were screened by multiplex PCR: Go Taq 5X buffer, Go Taq DNA polymerase (Promega), dNTPs (cBIOT), oligonucleotides ( 
In vitro antimicrobial susceptibility testing
In vitro antimicrobial susceptibility test (AST) was conducted using the disk diffusion technique and read as recommended by the Clinical and Laboratory Standards Institute [17] . Multidrug-resistant (MDR) E. coli were defined as those resistant to at least three classes of antimicrobials [18] . The multiple antimicrobial resistance index (IRMA) of each isolate was calculated. IRMA was based on the method described by Krumperman [19] . Each isolate was submitted to the a/b equation, where a represents the number of antimicrobials the isolate was resistant and b the number of antimicrobials the isolate was exposed. The same equation was adapted for the evaluation of the IRMA in relation to the classes of antimicrobials resistant/tested.
Statistical analysis
The multiple antimicrobial resistance index (IRMA) of the isolates was evaluated using the chi-square test and SAS 9.4 Program (SAS, 2012).
RESuLTS
Phylogenetic groups
E. coli isolates from calves without diarrhea were mostly classified into group B1 (83.3%, 25/30) and group E (10%, 3/30) ( Fig. 1 ). Only two isolates were characterized as unknown (6.7%, 2/30). Isolates recovered from calves with diarrhea were classified into the following phylum groups: B1 (70%, 21/30), B2 (3.33%, 1/30), C (3.33%, 1/30), D (3.33%, 1/30) and E (13.33%, 4/30). Two isolates of this category were also considered unknown (6.7%, 2/30).
Virulence factors Fimbriae
In isolates from calves without diarrhea fimbriae genes were not detected, whereas 30% (9/30) of the isolates from calves with diarrheic were positive for this virulence factor, being 16.7% (5/30) for F5 and 13.3% (4/30) for F18 fimbriae.
Curli and cellulose
Majority of E. coli isolated from calves without diarrhea was positive for csgA (96.7%, 29/30) and bcsA (83.3%, 25/30) genes. Similar profile was observed for the isolates from calves with diarrhea, 90% (27/30) were positive for csgA and for bcsA.
In vitro antimicrobial susceptibility testing
Differences for antimicrobial susceptibility among the isolates of the calves with and without diarrhea were observed. Most isolates from calves without diarrhea were susceptible to the antimicrobials ( Table 2 .
Ceftiofur, cefepime, gentamicin, amicacin and ciprofloxacin were the antimicrobials with the better performance, 100% of the isolates had sensitivity for them.
No one isolate from the control group was characterized as MDR. However, the diarrheic calf-group presented 16 MDR isolates (53.3%) (P<0.0001).
The IRMA of most isolates (83.3%, 25/30) from the control group was zero, for both antimicrobials and classes. Only five isolates showed resistance to one antimicrobial and one class (antimicrobial IRMA=0.067 and IRMA class=0.167). Table 3 shows the IRMA values calculated for the isolates from diarrheic calves' group in relation to the isolates considered as MDR and their respective resistance profiles.
dISCuSSIon
B1 was the main phylum found for both groups of isolates, control and diarrheic. This result was also observed by other studies with commensal isolates from birds, carnivorous and herbivores mammals [5, [20] [21] [22] [23] .
The second most common phylum found was E (10% without diarrhea; 13.33% with diarrhea). This phylum-group according to Clermont et al. [7] is potentially pathogenic. It is a specific phylogenetic group, with strains not well characterized, but in which E. coli O157:H7 is located [1, 24] .
More recently Coura et al. [5] phylotyping by Clermont et al. [7] methodology calves' faeces E. coli positive for virulence factors found also phylogroup B1 as majority (67.85%), followed by phylogroup E (16.96%) and other phylotypes (A, B2, C, E and F) in smaller proportion.
B2, C and D groups were found in our work only in samples from diarrheic animals. According to Escobar-Paramo et al. [25] and Clermont et al. [7] , B2 and D are phylogenetic groups that comprise strains with pathogenic potential, being more commonly observed in extra-intestinal infections.
No one isolate from the control group was positive for fimbriae. However, in isolates from calves with diarrhea, F5 (16.7%) and F18 (13.3%) fimbriae were found. Fimbriae are virulence factors that allow E. coli colonization mainly in the small intestine, avoiding bacteria elimination along with the faeces [26] .
According to the literature, F5 and F41 fimbriae and the Sta toxin are the most frequent factors in ETEC (Enterotoxigenic E. coli) pathotype isolated from calves with diarrhea [27, 28] . We have searched for the sta gene using methodology described by Costa et al. [16] in all the samples but only one isolate presented the gene, which could be an ETEC isolate. F18 is more commonly associated with postweaning diarrhea and edema disease in swine [26, 27, 29] .
Participation of E. coli fimbriae in the pathological process caused by virus should be better explored in future research.
Microbiota, especially the intestinal, has shown the great importance of the emergence of drug resistance. High bacterial density and genetic diversity associated with high antimicrobial exposure due to the excessive use of drugs in veterinary medicine are crucial factors in the selection of resistant commensal micro-organisms [1, 30] .
Tetracycline, ampicillin, streptomycin and sulfonamide are among the most common antimicrobials used in animal production and with a high relation with the emergence of resistant E. coli in several countries [31] . We present data showing this worldwide trend (Tables 2 and 3) .
Tetracyclines, one of the classes most used in bovine treatment, can confer resistance to E. coli isolates due to genes located in plasmids, transposons and integrons [32, 33] . We have observed a high resistance of the isolates to tetracycline (63.3%), a similar result was also found by other studies carried out with bovine isolates [32, 34, 35] . The horizontal transfer of tetracycline-resistant genes is an effective mechanism for the dissemination of the resistance in bacterial populations [32] .
The high resistance rates to ampicillin (50%), streptomycin (50%) and sulfonamide (46.7%) are in agreement with the results presented by other authors [30, 36] . These three drugs are widely used in veterinary medicine for treatment and prophylactic purpose in the diet of cattle [37] .
Chantziaras et al. [31] have demonstrated through an extensive study involving the use of antimicrobials for E. coli infections in seven countries that, as the use of a given antimicrobial increases, the onset of resistance becomes greater. In this sense, drugs such as ceftiofur, cefepime, amikacin and ciprofloxacin, which are not easily available in Brazilian market and/or present a higher cost than others antimicrobials, they had a good performance in which 100% of the isolates were susceptible to them. The only exception among these antimicrobials was gentamicin, which is more accessible but we did not find a resistant isolate to this drug. In general, these data reflects clearly the importance of the prudent use of antimicrobials, to avoiding the exhaustion of antimicrobial options.
This study was based on a viral diarrheic outbreak that lasted from 2014 to 2015 and that before diagnosis, calves were treated first with tetracycline and gentamicin and second with the enrofloxacin drug. This procedure may explain the high number of isolates resistant to tetracycline (19/30) and aminoglycoside (15/30) class-drugs. Although isolates were not resistant to gentamicin, they were resistant to neomycin (5/30) and streptomycin (15/30), which also belong to the same pharmacological aminoglycoside group and have the same antibacterial mechanism of action. In addition, there may have been a synergistic selective pressure produced by tetracycline and gentamicin in order to induce the selection of resistant strains, since both inhibit bacterial protein synthesis by binding to the 30S ribosomal subunit. Therefore, they can induce the same resistance mechanism, changing the ribosomal subunit target, resistance mechanism found here in a great proportion. In this way the antimicrobial drugs with the same mechanism of action should be avoided for a specific treatment.
On the other hand, the resistance to the fluoroquinolone group (nalidixic acid and enrofloxacin) seems harder to occur since only two isolates presented this profile, however only one drug with this mechanism of action was used for the treatment.
Calves from the control group, belonged to the same outbreak farms but from separated areas and had never received antibiotics and they never had symptoms of diarrhea. These facts could explain the lower number of resistant isolates and the absence of MDR among them. This evidence confirms the importance of separating the healthy from sick animals, not only because the disease but also because the resistant microorganisms that the treated animals can carry.
The high frequency of the csgA and bcsA genes, both in commensal and diarrhea-associated isolates, displays the importance of these genes in E. coli from bovine intestinal origin and shows that they are not good genes for strain discrimination since they are widely distributed. Curli and cellulose are the major components of the E. coli extracellular matrix, and are highly associated with the colonization of biotic and abiotic surfaces [13] , here both are highly prevalent probably due to their adherence role.
To sum up, E. coli isolates from calves with diarrhea have presented differences in relation to the control group. Higher phylum diversity with a different profile for fimbriae and antimicrobial resistance was observed, confirming changes in commensal E. coli during virus intestinal infection. Our findings highlight important aspects for managing diarrheic calves which (1) should be diagnosed before antibiotics treatment; (2) in case of need for antibacterial treatment this should be with antimicrobials with different mechanism of action to avoiding double selective pressure that leads to resistance; and, finally, (3) treated animals should be maintained separately from others because they may carry microorganisms with a resistant profile. 
